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Abstract: Diffuse reflectance spectroscopy (DRS) has been utilized to 
study biological tissues for a variety of applications. However, many DRS 
systems are not designed for handheld use and/or relatively expensive 
which limit the extensive clinical use of this technique. In this paper, we 
report a handheld, low-cost DRS system consisting of a light source, optical 
switch, and a spectrometer, that can precisely quantify the optical properties 
of tissue samples in the clinical setting. The handheld DRS system was 
employed to determine the skin chromophore concentrations, absorption 
and scattering properties of 11 patients with psoriasis. The measurement 
results were compared to the clinical severity of psoriasis as evaluated by 
dermatologist using PASI (Psoriasis Area and Severity Index) scores. Our 
statistical analyses indicated that the handheld DRS system could be a 
useful non-invasive tool for objective evaluation of the severity of psoriasis. 
It is expected that the handheld system can be used for the objective 
evaluation and monitoring of various skin diseases such as keloid and 
psoriasis. 
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1. Introduction 

Diffuse Reflectance Spectroscopy (DRS) is capable of recovering the chromophore 
concentrations, absorption and scattering properties of various tissues such as breast, skin, 
and brain [1–3]. The general configuration of a DRS system includes a light source, a photo-
detector, and an optical fiber probe for light delivery. The DRS system setups employing 
continuous wave (CW) light as the light source are very common due to relative low cost and 
small footprint, and many groups have proposed the use of DRS systems equipping with a 
CW light source and a handheld optical fiber probe for diagnostic and/or monitoring purposes 
[1, 3–5]. By using wavelength constraints, assuming the scattering property of skin follows a 
power law decay with wavelength and skin absorption property contributed from hemoglobin 
and melanin, CW DRS systems with a single source to detector separation (SDS) has been 
demonstrated to be able to evaluate skin properties [4, 6]. On the other hand, to accurately 
retrieve skin absorption and reduced scattering coefficients without applying wavelength 
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constraints, spatially resolved CW DRS is usually required [3, 7–10]. The measured spatial 
variation of diffuse reflectance can be used to determine the absorption and reduced scattering 
coefficients of samples independently at each wavelength, and the spectral characteristics of 
the sample absorption can further be used to determine the concentrations of chromophores. 
The spatially resolved CW DRS method is especially favorable when the tissues under 
investigation do not follow scattering power law and/or the assumption of hemoglobin and 
melanin as main tissue chromophores does not hold. For example, in our previous study, we 
demonstrated an optimized spatially resolved CW DRS benchtop system for monitoring the 
variation of water, collagen, and hemoglobin of keloidal scars induced by treatments [3]. 

Although spatially resolved CW DRS can be more accurate in the sample optical 
properties quantification than other CW DRS setups, it requires a complex optical probe 
design and an optical switching mechanism for facilitating the collection of the diffuse 
reflectance at several SDSs; these requirements are attained with additional system cost and 
size which limit its wide application in the clinical setting. Based on the optimized DRS 
design we proposed earlier [11], we have developed a handheld, low-cost DRS system that 
can conveniently be used for the quantification of skin optical properties in the clinical 
setting. Compared to other spatially resolved CW DRS system, the major advantage of the 
proposed system is that the optical fiber probe, optical switch, and the light source are 
integrated into one component to greatly reduce the size and the cost of the system. 

To understand the clinical applicability of our handheld DRS system, we carried out a 
pilot study to measure the skin properties of 11 patients with psoriasis using the handheld 
system. Psoriasis is characterized by hyperplasia of the epidermis, hyperkeratosis of the 
stratum corneum, dilated microvasculature in the upper dermis and infiltration of 
inflammatory cells in the epidermis and dermis. The diagnosis of psoriasis sometimes relies 
on skin biopsies for histopathological evaluation. There are several visual-assessment based 
approaches for measuring the severity of psoriasis, such as Psoriasis Area and Severity Index 
(PASI), National Psoriasis Foundation Psoriasis Score (NPF-PS), Physician’s Global 
Assessment (PGA), Lattice System Physician’s Global Assessment (LS-PGA) [12, 13]. 
Among them, the PASI scoring system is the most commonly used by dermatologists in 
Taiwan since it is the scoring system suggested by Taiwan National Health Insurance 
Administration. Thus, we employed PASI as the reference scoring system in this study. We 
will demonstrate in this study that perceptible changes, induced by hemoglobin, and non-
perceptible changes, such as average scatterer size and collagen concentration, can both be 
quantified using our handheld DRS system. The measurement results were compared to the 
PASI scores rated by three clinicians to understand the potential of our handheld system in 
objective and quantitative psoriasis severity assessment. 

2. Materials and methods 

2.1 Handheld CW DRS system 

The setup of the handheld DRS system was derived from our benchtop DRS system reported 
previously which consisted of a broadband light source (HL2000, Ocean Optics, FL), an 
optical switch (1x6, Leoni, Germany), a spectrometer (QE65000, Ocean Optics, FL), and a 
custom optical fiber probe with optimized source-to-detector separations of 1 and 2 mm [11]. 
To reduce the system footprint and cost of the benchtop system, a handheld DRS system as 
shown in Fig. 1(a) was developed. It can be seen that a compact spectrometer (USB2000+ , 
Ocean Optics, FL) and several electronic parts are employed in the system. The complete 
layout of the system is depicted in Fig. 1(b). Notably in this system is a custom gadget that 
combined the functions of the light source, the optical switch, and the optical fiber probe of 
the benchtop DRS system, and its 3D model is shown in Fig. 1(c). 

As illustrated in the Fig. 1(b), a miniature filament light bulb (blue colored device) 
purchased from a local electronic store was operated at 24V and 0.04A and was located close 
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to the distal end of the device. Two cylindrical channels (yellow channels shown in Fig. 1(c)) 
were opened on the gadget’s aluminum case to deliver the light emitting from the light bulb to 
the sample-device contact interface. They had diameter and length of 500 μm and 3 mm, 
respectively, and had center to center separation of 1 mm (edge to edge separation of 0.5 
mm). A slim metal sheet (green colored part in Fig. 1(c)) was placed between the two 
cylindrical channels and the light bulb. As depicted in the layout shown in Fig. 1(b), the metal 
sheet attached to a rod that was connected to a miniature solenoid valve controlled by a relay 
(LEG-3, Rayex, Taiwan), and the relay was connected to a microcontroller (Arduino UNO, 
Arduino, MA). The slim metal sheet in the system had two default positions and its position 
could be controlled by the microcontroller to selectively block the light output to either of the 
two cylindrical channels. A homemade step-up converter was employed to covert the 5V 
output of the Arduino board to 28V to drive the light bulb. A multimode fiber with 480-μm 
diameter and 0.22 numerical aperture was placed next to the light output channels to collect 
the diffuse reflectance and transmit it to a spectrometer (USB2000+ , Ocean Optics, FL) 
whose functional wavelength range was 400-1000 nm. The light collection fiber and the two 
source channels have separation of 1 and 2 mm, respectively. The spectrometer and the 
microcontroller board were connected to a laptop through two USB cables and controlled by a 
custom LabVIEW (National Instruments, TX) graphical user interface. This handheld DRS 
system weighted 790 grams, and had a length of 29 cm, a maximum width of 10 cm, and a 
height of 5 cm. The illustration of a medical professional using the handheld DRS system to 
examine the skin of a patient in the clinical setting is shown in Fig. 1(d). 
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Fig. 1. (a) The handheld DRS system consists of spectrometer, a relay, a microcontroller 
board, and a custom gadget. (b) Schematics of the system configuration. A relay passes the 
Arduino control signal to the solenoid valve to change the position of a slim shield to switch 
light output. A step-up transformer converts the 5V supplied by the microcontroller board to 
24V to drive the miniature filament bulb. An optical fiber directs the reflectance to a mini-
spectrometer. The spectrometer and the Arduino board are connected to a laptop through USB 
cables. (c) A 3D model that illustrates the function of the slim metal sheet (green part) that 
attached to a metal rod. In one of its two default positions, the metal sheet prevents the light 
emitting from one of the two cylindrical channels. Inset shows the metal sheet in another 
default position. (d) Illustration of a medical professional using the handheld DRS system to 
examine the skin of a patient in the clinical setting. 

2.2 Inverse model for optical properties recovery 

The inverse model for determining optical properties from the diffuse reflectance was an 
artificial neural network (ANN) trained by Monte Carlo simulation results. We have 
elaborated the key procedures for obtaining the ANN based inverse model and have validated 
the model thoroughly [11]. In brief, Monte Carlo simulations were carried out to calculate the 
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diffuse reflectance at 1 and 2 mm SDSs in the designed probing geometry. In the Monte Carlo 
model, the sample was assumed to be homogeneous and the sample optical properties were 
varied from 0.01 to 1.00 mm−1 in a 0.01 mm−1 step for μa and varied from 0.55 to 5.00 mm−1 
in a 0.05 mm−1 step for μs'. The sample refractive index of 1.43 and the Henyey-Greenstein 
phase function with anisotropy factor of 0.9 were used in the simulations. The simulation 
results were consolidated to form databases for the ANN training. Once the database was 
ready, we employed the MATLAB (Mathworks, MA) training function “trainbr” to construct 
the ANN inverse model. 

2.3 Phantom study 

We fabricated two homogeneous silicone phantoms in which the Black India Ink and TiO2 
powder were utilized as the absorbing and scattering agents, respectively. The benchmark 
optical properties of the two phantoms were determined by the inverse adding doubling 
method [14]. We employed one of the phantoms as the calibration phantom to determine the 
system response. Once the system response was obtained, we could determine the optical 
properties of the other phantom and evaluate the performance of the handheld DRS system. 

2.4 In-vivo measurements on psoriatic skin 

Eleven subjects with active psoriasis were recruited in the National Cheng Kung University 
Hospital. The protocol was approved by the Institutional Review Board (No. ER-100-332) 
and the written informed consent was obtained from all subjects prior to the measurements. 
The photos of the measured lesion sites are illustrated in Fig. 2. The local severity of each 
psoriatic lesion was rated by three independent dermatologists using the PASI scoring system 
which includes the rating of erythema, thickness, scaling, and area. The erythema, thickness, 
and scaling scores were set in the range from 0 to 4 in which 0, 1, 2, 3, and 4 represented 
none, slight, moderate, severe, and very severe, respectively, and these scores of all subjects 
are listed in Table 1. The area of psoriatic lesions as the forth parameter of the PASI scoring 
system is not an apparent quantity related to DRS measurements and is not displayed here. 

For each subject, measurements were taken at two sites including one site at the active 
psoriatic lesion (as indicated by arrows in Fig. 2) and one normal skin site which was several 
cm apart from the lesion. In this study, we chose psoriasis areas that were easily accessible 
with no hair, exfoliation, or wound. Each set of measurements was composed of 3 measuring 
repeats in which the probe was physically removed and gently replaced to the same point 
each time. Due to high noise level of the handheld system in the wavelength ranges from 400 
to 500 nm and from 900 to 1000 nm, we only processed the data in the wavelength region 
from 500 to 900 nm. The derived reduced scattering spectra were fit to the scattering power 
law (μs' = a*λ-b) to smooth the curves and obtain the exponent “-b”. The wavelength exponent 
“-b” characterizes the mean size of the tissue scatterers and larger “-b” values corresponds to 
larger scatterer diameters [15, 16]. 

The recovered absorption spectra were fit linearly to the known absorption spectra of 
oxygenated hemoglobin, deoxygenated hemoglobin, melanin, and collagen to extract the 
tissue chromophore concentrations [3, 17–19]. In the modeling of photon transport, it was 
assumed that the sample was homogeneous, and the recovered absorption coefficient had the 
unit of 1/mm. This means that the recovered absorption coefficient represented the average 
absorption of the probed region, and its unit suggests that the absorption coefficient derived 
was the total light absorption per mm. With known chromophore extinction coefficients 
translated in to proper units, we can use the Beer–Lambert law listed in the following form to 
estimate the chromophore concentrations of a sample: 

 2 2( ) ( ) ( ) ( )

( ) ( ),

a skin HbO HbO Hb Hb

melanin melanin collagen collagen

C C

C C

μ λ ε λ ε λ
ε λ ε λ
= × + ×

+ × + ×
 (1) 
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where C and ε represent the concentration and the extinction coefficient of chromophores, 
respectively. We did not include the absorption spectrum of water in Eq. (1) because there 
were no significant absorption features of water below 900 nm. The recovered hemoglobin 
concentrations were in micro Molar and the recovered concentrations of melanin and collagen 
were of arbitrary unit. 

 

Fig. 2. Pictures of the psoriatic lesion of the 11 subjects recruited in this study. Arrows indicate 
the measurement sites. The green rectangle shows the probe contact area and the short red line 
represents the source-detector separation of 2mm. 

Table 1. The erythema, thickness, and scaling scores of the 11 subjects rated by 3 
independent dermatologists. 

Subject 
Erythema score Thickness score Scaling score 

E_1 E_2 E_3 T_1 T_2 T_3 S_1 S_2 S_3 
P01 1 1 1 2 1 0 0 0 1 
P02 1 1 1 1 1 0 0 0 0 
P03 1 2 1 2 1 1 3 3 2 
P04 2 3 2 1 0 1 0 1 0 
P05 2 2 1 2 0 2 3 2 3 
P06 3 2 2 3 2 2 2 1 2 
P07 2 2 1 3 1 2 3 3 3 
P08 3 3 3 3 1 3 2 1 2 
P09 1 3 2 1 0 2 2 1 2 
P10 3 3 3 1 1 2 2 1 2 
P11 1 1 1 1 0 2 1 1 1 

3. Results and discussion 

3.1 Phantom validation results 

We designed a phantom study to evaluate the sample optical properties recovery accuracy of 
the handheld DRS system, and its performance was compared to that of the benchtop DRS 
system. The results are shown in Fig. 3. The benchmark optical properties of the silicone 
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phantom were determined from the inverse adding-doubling theory and are shown in black 
lines in Fig. 2. The optical properties recovered from the handheld and the benchtop DRS 
systems were illustrated in blue and red lines, respectively. Due to high noise level of the 
handheld system in the wavelength ranges from 400 to 500 nm and from 900 to 1000 nm, 
data in these wavelength ranges are not presented here. We found that in general the optical 
properties recovered from the two systems were very close. In the 600-900 nm region, the 
difference between the optical properties recovered from the two systems were less than 10%. 
However, in the 500-600 nm region, the benchtop system had less than 10% optical property 
recovery error, while the absorption coefficient recovery error of the handheld system could 
reach 20%. The inferior performance of the handheld system to that of the benchtop system in 
the 500-600 nm range was caused by the specification differences between the spectrometers 
and the light sources employed in the two systems. Overall, it can be seen in Fig. 3 that the 
handheld system delivers comparable results to those of the bench top system. 

 

Fig. 3. (a) Absorption and (b) reduced scattering spectra of a silicone phantom. Black lines 
represent the benchmark values, and red dash and blue dot lines represent the values recovered 
from the benchtop and handheld systems, respectively. 

3.2 Skin optical properties of psoriatic patients 

In the following subsections, the light absorption and scattering properties of psoriatic lesions 
versus normal appearing skin are presented. The correlation between these optical properties 
and the three parameters of PASI which reflect local severity of psoriasis, namely erythema, 
thickness and scaling, are also discussed. 

3.2.1 Absorption 

The absorption spectra of the lesion (red dot lines) and normal (black lines) sites of two 
patients (P02 and P08) are displayed in Fig. 4. In Fig. 4(a) (subject P08), it can be seen that 
the absorption of lesion site is significantly higher than that of normal site in the wavelength 
range from 500 to 600 nm, while at wavelengths from 650 to 900 nm, the difference between 
the absorption of normal and psoriatic lesion is very little and almost not distinguishable. The 
marked elevation of the 500-600 nm absorption coefficients of the lesion site is majorly 
caused by the increase blood volume at the site as can be observed in the photograph of 
subject P08. On the other hand, the skin absorption spectra of subject P02 shown in Fig. 4(b) 
do not show significant differences (p >0.05) between the lesion and normal sites in the 500-
600 nm as well as 600-900 nm wavelength ranges; however, the average of absorption spectra 
of the lesion (0.342 mm−1) is slightly higher than that of the normal skin (0.281 mm−1) from 
500 to 580 nm. It can be noticed from the results shown in Fig. 4 that the difference between 
the absorption of the lesion and normal sites could have divergent manifestation for different 
patients. In addition, we did not see the absorption and hemoglobin concentration of samples 
affected by the bulb’s infrared spectrum or their increase during multiple measurements. 
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Fig. 4. Absorption spectra of (a) subject PS08 and (b) subject PS02. Black and red dot lines 
represent the absorption spectra recovered from normal and lesion sites, respectively. Error 
bars represent the standard deviation of the derived absorption spectra of a set of 
measurements. 

The absorption coefficients of normal and lesion sites at 550 and 800 nm for all subjects 
are listed in Table 2. 550 nm is the medium wavelength that we chose for representing the 
high absorption wavelength region from 500 to 600 nm; on the other hand, 800 nm was 
chosen for representing the relative low absorption wavelength region from 700 to 900 nm. 
Besides, difference between the absorption coefficients of lesion and normal sites are also 
listed in the table. It can be observed in Table 2 that the absorption coefficients of lesion sites 
are in general higher than those of normal sites at 550 nm. Student’s t-test was carried out for 
the 550 nm absorption coefficients of lesion and normal sites, and it was found that the two 
series were statistically distinguishable (p = 0.0056). It has been reported that one of the 
prominent features of psoriatic lesion is the dilated microvasculature in the upper dermis; thus 
our results suggest that at 550 nm where hemoglobin exhibits strong absorption, our system 
could be sensitive to the altered upper dermis microvasculature of psoriasis. On the other 
hand, at 800 nm (p = 0. 4253) the absorption differences between lesion and normal sites are 
not as significant as those at 550 nm (p = 0.0056). As reported in our earlier study, the 
interrogation depth of a typical DRS system would be modulated by the wavelength region 
employed, and in the 500-900 nm region, the interrogation depth increases with the 
wavelength [20]; therefore, it can be inferred that the interrogation depth at 800 nm was 
deeper than that at 550 nm in this study. Thus, the probing volume at 800 nm could be too 
large in skin to effectively sensing the upper dermis microvasculature alteration of psoriasis. 

Table 2. Absorption coefficients of the lesion (P) and normal skin (N) at 550 and 800 nm 
of the 11 subjects. The absorption differences (Δ) between the lesion and normal skin are 

also listed. 

Subject 
μa (mm−1) at 550 nm μa (mm−1) at 800 nm 
P N Δ P N Δ 

P01 0.168 0.144 0.025 0.027 0.014 0.014 
P02 0.401 0.305 0.096 0.041 0.038 0.003 
P03 0.237 0.181 0.056 0.031 0.025 0.006 
P04 0.309 0.250 0.059 0.058 0.046 0.013 
P05 0.359 0.315 0.044 0.027 0.034 −0.007 
P06 0.354 0.244 0.110 0.017 0.030 −0.014 
P07 0.361 0.369 −0.009 0.046 0.076 −0.030 
P08 0.573 0.244 0.328 0.044 0.043 0.001 
P09 0.599 0.188 0.411 0.041 0.027 0.014 
P10 0.335 0.146 0.189 0.033 0.018 0.015 
P11 0.376 0.319 0.057 0.018 0.020 −0.002 

To understand the relation between the measured absorption coefficients and the erythema 
scores, we calculated the correlation coefficients of erythema scores and the absorption 
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coefficient difference (Δμa) between the lesion and normal sites at 550 and 800 nm as listed in 
Table 3. Interestingly, it can be noted that the erythema score series E_1 rated by one of the 
clinicians is not well correlated to the erythema score series E_2 and E_3 rated by the other 
two clinicians with correlation coefficients of around 0.5, while the erythema score series E_2 
and E_3 have a relatively high correlation coefficient of 0.785. This suggests that there could 
be subjective factors in generating the erythema scores. Furthermore, we can find from Table 
3 that the absorption coefficients difference between the lesion and normal sites at 550 nm 
has medium-high correlation coefficients to the erythema score series E_2 and E_3 but has a 
rather weak correlation coefficient to the score series E_1. On the other hand, the difference 
between the absorption coefficients at the lesion and normal sites at 800 nm is weakly 
correlated to all erythema score series. Since the dilated vasculature in the upper dermis at 
lesion sites produced increased absorption at 550 nm but not at 800 nm as discussed earlier, it 
is reasonable to see that the absorption differences at 800 nm are weakly correlated to the 
erythema scores. 

Table 3. Correlation coefficients of absorption differences at 550 and 800 nm and the 
erythema scores rated by 3 clinicians. 

 Δμa (550 nm) Δμa (800 nm) E_1 E_2 E_3 
Δμa (550 nm)  0.41 0.20 0.62 0.69 
Δμa (800 nm) 0.41  −0.25 0.23 0.33 

E_1 0.20 −0.25  0.50 0.55 
E_2 0.62 0.23 0.50  0.79 
E_3 0.69 0.33 0.55 0.79  

3.2.2 Reduced scattering 

The reduced scattering spectra of subjects P02 and P08 are illustrated in Fig. 5. It can be seen 
in Fig. 5 that for subject P08 the magnitude of reduced scattering of the normal site is 
significantly higher than that of the lesion site at all wavelengths, while the reduced scattering 
spectra of the lesion and normal sites of subject P02 are statistically indistinguishable (p 
>0.05). From the two examples shown in Fig. 5, it seems that the relation between the 
scattering properties of psoriatic lesion and normal sites is not definite. The reduced scattering 
coefficients at the wavelengths of 550 and 800 nm as well as the wavelength exponent 
derived from the scattering power law fitting of all subjects are listed in Table 4. 

 

Fig. 5. Reduced scattering spectra of (a) subject P08 and (b) subject P02. Black and red dot 
lines represent the reduced scattering spectra recovered from normal and lesion sites, 
respectively. Error bars represent the standard deviation of the derived absorption spectra of a 
set of measurements. 

#254728 Received 2 Dec 2015; revised 17 Jan 2016; accepted 18 Jan 2016; published 21 Jan 2016 
(C) 2016 OSA 1 Feb 2016 | Vol. 7, No. 2 | DOI:10.1364/BOE.7.000616 | BIOMEDICAL OPTICS EXPRESS 625 



Table 4. Reduced scattering coefficients and the wavelength exponent “-b” of the lesion 
(P) and normal skin (N) of the 11 subjects. The scattering property differences (Δ) 

between the lesion and normal skin are also listed. 

Subject 
μs' (mm−1) at 550 nm μs' (mm−1) at 800 nm -b 
P N Δ P N Δ P N Δ 

P01 3.267 3.912 −0.645 2.301 2.557 −0.256 −1.00 −1.10 0.10 
P02 1.811 1.732 0.079 1.160 0.990 0.170 −1.14 −1.67 0.53 
P03 2.280 1.700 0.581 1.505 0.974 0.531 −1.12 −1.49 0.37 
P04 2.027 2.242 −0.215 1.498 1.573 −0.076 −0.77 −0.95 0.18 
P05 2.003 2.349 −0.346 1.267 1.512 −0.244 −1.22 −1.15 −0.07 
P06 1.978 2.361 −0.384 1.171 1.469 −0.298 −1.40 −1.27 −0.13 
P07 1.847 2.294 −0.447 1.167 1.526 −0.358 −1.16 −1.09 −0.07 
P08 1.488 2.168 −0.680 1.010 1.361 −0.352 −1.03 −1.23 0.20 
P09 1.614 1.822 −0.208 1.147 1.197 −0.050 −0.92 −1.13 0.21 
P10 1.979 2.427 −0.448 1.354 1.437 −0.083 −1.01 −1.40 0.39 
P11 2.215 2.112 0.102 1.403 1.375 0.028 −1.26 −1.14 −0.12 

It can be seen in Table 4 that the lesion site has lower reduced scattering than does the 
normal site for most subjects recruited at 550 and 800 nm. On the other hand, higher 
wavelength exponent “-b” at the lesion site than at the normal site for most subjects can be 
observed. We ran Student’s t-test and found that among all scattering properties recovered 
only the “-b” parameters of lesion and normal sites had significant difference (p <0.05). Our 
finding suggests that tissue structure and/or content of psoriatic lesions would be different 
from those of normal skin. It has been reported in the literature that the psoriatic skin has 
expanded vessel size and elevated number of aggregates of leukocytes in the dermis [21], and 
these alterations in the tissue could increase the average scatterer size which would in turn 
raise the value of wavelength exponent. 

Further, to understand correlation between the scattering properties and the appearance 
scores rated by dermatologists, the correlation coefficients of three clinical scores and the 
scattering property difference (Δμs') between the lesion and normal sites were calculated and 
are listed in Table 5. However, good and consistent correlation between any of the scattering 
properties and any clinical score series rated by the clinicians cannot be observed as shown in 
the table. This suggests that the scattering property could be useful for detecting the 
microscopic structural or spatial changes in psoriasis, but could not reflect the clinical 
severity as inspected visually by clinicians. 

Table 5. Correlation coefficients of scattering property differences and the appearance 
scores rated by 3 clinicians. 

 
E_1 E_2 E_3 T_1 T_2 T_3 S_1 S_2 S_3 

Δμs' (550 nm) −0.59 −0.28 −0.47 −0.40 −0.18 −0.32 0.07 0.32 −0.24 
Δμs' (800 nm) −0.58 −0.19 −0.31 −0.51 −0.13 −0.44 −0.04 0.17 −0.34 

-b −0.17 0.17 0.23 −0.46 0.07 −0.42 −0.25 −0.23 −0.42 

3.3 Skin chromophore concentrations 

Chromophore concentrations of skin including oxy-hemoglobin, deoxy-hemoglobin, melanin, 
and collagen were determined from the absorption spectra of all subjects, and the values are 
listed in Table 6. The differences between the chromophore concentrations of lesion and 
normal sites are also displayed in the table. It was found that oxy-hemoglobin, deoxy-
hemoglobin, and total hemoglobin (not listed in Table 6) concentrations of the lesion sites of 
all subjects had statistically difference (p<0.05, Student’s pair t-test) from those of normal 
skin of all subjects. Since psoriasis typically has enlarged vessels in the upper dermis, it is 
natural to find hemoglobin concentrations are significantly different between psoriasis and 
normal skin. In contrast, local tissue oxygen saturation (not listed in Table 6) and melanin and 
collagen concentrations of the lesion and normal sites of the 11 subjects were not statistically 
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different (p = 0.06 for oxygen saturation, p = 0.16 for melanin, and p = 0.50 for collagen). We 
have found unreconciled conclusions from literatures regarding the difference in melanin and 
collagen content between psoriasis and unaffected skin. While some of the literatures have 
pointed out that skin melanocyte activity and collagen synthesis might be positively 
correlated to the severity of psoriasis [22, 23], others reported inhibited melanin production or 
unchanged collagen distribution of psoriatic lesions [24, 25]. Our results shown here suggest 
that these two chromophore concentrations derived from optical measurements might not be 
effective factors for the diagnosis of psoriasis. 

Table 6. Chromophore concentrations including oxy-hemoglobin, deoxy-hemoglobin, 
melanin, and collagen, of the lesion (P) and normal skin (N) of the 11 subjects. The 

chromophore concentration differences (Δ) between the lesion and normal skin are also 
listed. 

Subject 
HbO2 Hb Melanin Collagen 

P N Δ P N Δ P N Δ P N Δ 

P01 4.20 3.51 0.69 9.65 7.83 1.82 0.07 0.06 0.01 3.77 0.82 2.95 

P02 12.26 9.19 3.07 14.36 13.56 0.81 0.27 0.19 0.07 4.86 4.32 0.53 

P03 12.19 9.35 2.84 8.12 5.80 2.32 0.06 0.07 −0.01 3.55 2.79 0.76 

P04 5.68 6.99 −1.30 13.62 10.99 2.63 0.34 0.22 0.12 8.66 6.80 1.86 

P05 20.51 11.37 9.13 11.15 12.89 −1.75 0.10 0.19 −0.09 3.94 4.93 −0.99 

P06 13.10 4.10 9.00 13.48 12.09 1.39 0.23 0.25 −0.02 1.34 4.05 −2.71 

P07 11.81 7.04 4.76 14.97 19.92 −4.95 0.35 0.33 0.02 6.40 10.96 −4.56 

P08 18.68 6.48 12.20 23.79 11.43 12.36 0.25 0.13 0.11 5.38 5.25 0.13 

P09 11.98 3.55 8.43 27.45 6.58 20.87 0.57 0.28 0.29 3.51 3.76 −0.25 

P10 16.73 3.95 12.78 15.67 6.46 9.20 0.19 0.12 0.07 4.55 1.67 2.89 

P11 14.84 8.72 6.11 14.75 14.68 0.07 0.18 0.19 −0.01 1.37 2.06 −0.70 

The correlation coefficients of lesion erythema scores and the differences between the 
hemoglobin parameters of the lesion and normal sites were calculated, and the values are 
presented in Table 7. Interestingly, it can be seen that the total hemoglobin and deoxygenated 
hemoglobin concentration differences (Δ(THb), Δ(Hb)) have low correlation to one of the 
erythema score series (E_1) but has medium to medium-high correlation to the rest two score 
series (E_2 and E_3). This suggests that hemoglobin related property differences could be 
used as the objective markers to evaluate erythema of psoriasis. 

Table 7. Correlation coefficients of hemoglobin related property differences between the 
lesion and normal sites and the erythema scores rated by 3 clinicians. 

E_1 E_2 E_3 

Δ(HbO2) 0.63 0.42 0.62 

Δ(Hb) 0.08 0.63 0.67 

Δ(THb) 0.34 0.64 0.76 

Δ(SaO2) 0.53 −0.20 0.00 

In addition, the correlation coefficients of concentration difference in melanin and 
collagen between lesion and normal sites and the appearance scores were determined and 
listed in Table 8. In Table 8, it can be observed that the melanin concentration difference has 
medium correlation to the erythema score series rated by two of the clinicians, and it has low 
correlation to the thickness and scaling scores. This suggests that the melanin concentration of 
skin might bias the rating of the erythema scores but not the other two appearance scores. 

Moreover, it was found that the collagen concentration difference had very low 
correlation to the erythema scores. Interestingly, we observed that the collagen concentration 
difference had negative medium correlation to all of the scaling score series. Our results 
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suggests that the collagen concentration decreased as the lesion site got higher scaling scores. 
It has been shown that the collagen metalloproteinase would be higher for patients with 
higher PASI scores [26], and this implies that the collagen content would decrease as the 
PASI score increases. Our results seem to be in line with those reported in the literature. 
Further investigation will be carried out to find out the correlation between the skin collagen 
content and the presentation of skin thickness and scaling at the lesion site which are linked to 
the inflammatory and proliferative activities of psoriasis [27]. 

Table 8. Correlation coefficients of melanin and collagen concentration differences 
between the lesion and normal sites and the appearance scores rated by 3 clinicians. 

E_1 E_2 E_3 T_1 T_2 T_3 S_1 S_2 S_3 

Δ(Melanin) −0.09 0.56 0.50 −0.37 −0.27 0.11 −0.22 −0.31 −0.24 
Δ(Collagen) −0.15 0.10 0.27 −0.58 −0.18 −0.45 −0.54 −0.53 −0.54 

4. Conclusion 

In this study, we demonstrated a handheld DRS system whose footprint and total cost were 
much less than a typical benchtop DRS system. The merits of the handheld system were 
achieved through a custom designed gadget that integrated the function of a light source, an 
optical switch, and an optical fiber probe. The accuracy in sample optical property recovery 
of the handheld system was carefully validated through a phantom study, and it was found 
that the performance of the system was similar to a benchtop system. 

The small footprint and ease of use of the handheld DRS system would facilitate its 
application in clinical studies. We employed the handheld system to study the optical 
properties of psoriatic skin of 11 patients. The absorption, reduced scattering, and 
chromophore concentrations were calculated for the normal and lesion sites. The derived 
property differences between the normal and lesion sites were compared to the lesion 
appearance scores rated by three dermatologists. It was found that in general the absorption 
coefficient at 550 nm and the total hemoglobin concentration were well correlated to the 
erythema scores. The melanin concentration difference had low correlation to the thickness 
and scaling scores, and had medium correlation to the erythema score series rated by two of 
the clinicians. The collagen concentration difference had negative medium correlation to all 
of the scaling and thickness score series rated by two of the clinicians. Consistent correlation 
between the scattering properties and any of the clinical score series could not be observed. In 
addition, although the wavelength exponents, derived from the scattering power law fitting to 
the reduced scattering spectra, for the normal and lesion sites were statistically distinct, 
indicating the significant scatterers size difference between the two sites, they were not well 
correlated to any of the clinical scores. We also noted that the optical measurement results 
had poor correlation to the mean appearance scores of all three dermatologists. Overall, our 
finding suggested that the optical measurement results containing both visually perceptible 
and imperceptible information could assist the clinical diagnosis or evaluation of psoriasis 
without performing invasive histopathology examination. Our preliminary results indicate 
that the handheld system has the potential of being widely used in the clinical setting as a 
convenient tool for objective evaluation of psoriasis. Future studies to include a larger number 
of subjects would be necessary to verify our present findings. 
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